The synthesis and characterisation of p-t-butylcalix [4] arene functionalised at the lower rim with four tetrazole moieties is reported. The macrocycle is found to be a poorer ionophore for lanthanoid cations than the bis-tetrazole substituted analogue. Solution phase photophysical studies strongly suggested that the cations interacted only weakly with the calixarene ligand. A mixed sodium / triethylammonium salt of the calixarene ligand was crystallised in the presence of lanthanoid cations and structurally characterised. Strong intramolecular interactions are hypothesised to be the cause of the observed behaviour.
Introduction
Calixarenes, and particularly calix [4] arenes, are well established as a useful macrocyclic framework upon which to assemble ligating groups to form ionophores. (1) The most common examples introduce neutral O donor atoms as ester or amide moieties (2) (3) (4) (5) , or negatively charged groups such as the carboxylate (6) (7) (8) , but many other variations are known (9, 10) . We have been investigating the coordination chemistry of tetrazolates, a functional group often used as an isostere of carboxylate in medicinal chemistry, but relatively unexplored in the context of calixarene chemistry (11) .
Calix [4] arenes substituted with tetrazole groups at the upper rim have been reported and used for anion binding (11) , and palladium coordination (12) . The tetrazole moiety has also been used as a linker to attach sugars to the upper rim of a calix [4] arene (13) . A calixarene has been reported with two tetrazole groups at the lower rim, and azo functional groups at the upper rim, to form a colorimetric sensor for calcium ions where binding at the tetrazole-substituted rim was proposed (14) . We have reported the synthesis of a lower rim bis-tetrazole functionalised p-t-butylcalix [4] arene (15) , which was found to form typical 1:1 complexes with lanthanoids in presence of triethylamine with the lanthanide ion occupying the lower rim cavity of the ligand (15) , but when triethylamine was replaced with aqueous ammonium carboxylates crystallisation of elongated Ln19 or Ln12 clusters occurred (16) .
We have now extended this work to the synthesis of a lower rim substituted tetra-tetrazole derivative, 1. We report here investigation of the interaction of this new ionophore with lanthanoid cations, and the structural characterisation of the ligand, and a mixed sodium / triethylammonium salt.
Results and discussion
Ligand synthesis and characterisation 5,11,17,23-Tetra-p-t-butyl-25,26,27,28-tetrakis(cyanomethoxy)calix [4] arene was synthesised via the bis-cyanomethoxy substituted precursor (17) , based on the reported procedure (Scheme 1) (18) . While the literature reports heating the reaction mixture to 75 ˚C, in our hands this resulted in substantial degradation. Stirring the reaction at room temperature improved the yield to ~70% of the desired product. Conversion of the nitrile groups to tetrazole moieties was achieved using an altered Koguro method (19), as reported previously for the bis-tetrazole calixarene (15) . Purification of the tetratetrazole calixarene 1 proved to be difficult, with sodium cations often retained in the product, but an analytically pure sample and crystals appropriate for a single crystal Xray structure determination were obtained by slow evaporation of an ethanol solution of Ellipsoids have been drawn at the 50% probability level.
Conclusions
A calix [4] arene substituted at the lower rim with four tetrazole moieties has been synthesised and characterised. In contrast to the known bis-tetrazole analogue, the new receptor is found to interact only weakly with lanthanoid cations under the conditions examined. Structural studies of the ligand in neutral form, and as a mixed sodium / triethylammonium salt suggest that these weak interactions might be due to extensive intramolecular hydrogen bonding. The literature method (18) was adapted as follows. Sodium hydride (1.06 g, 44.0 mmol) and calixarene 2 (2.13 g, 2.93 mmol) were added to dry DMF (100 mL) and allowed to stir for 20 minutes. To this, bromoacetonitrile (0.96 mL, 13.7 mmol) was added and stirred overnight at room temperature under a nitrogen atmosphere. This resulted in a black, completely opaque, solution. Water (150 mL) was slowly added causing a pale brown precipitate to occur, which was filtered off and washed several times with water.
Experimental
The solid was dissolved in a minimum amount of dichloromethane and purified by column chromatography (silica gel, dichloromethane), to afford a white solid, 3 (1.62 g, 69% 
Crystallography
Crystallographic data for 1·H2O·EtOH and 1-Na + /HNEt3 + : were collected at 100(2) K on an Oxford Diffraction Gemini diffractometer fitted with Mo Kα radiation. 
Refinement details
1·H2O·EtOH : The water molecule hydrogen atoms were refined with restrained geometries. All remaining hydrogen atoms were added at calculated positions and refined by use of a riding model with isotropic displacement parameters based on those of the parent atoms. Anisotropic displacement parameters were employed throughout for the non-hydrogen atoms. 
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